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(54)  Method  and  apparatus  for  calculating  a  divider  in  a  digital  phase  lock  loop 

(57)  A  digital  phase  lock  loop  (DPLL)  (1  0)  includes  a 
first  comparator  (12),  a  second  comparator  (14),  a  third 
comparator  (16),  and  adjuster  (18),  feedback  divider 
(20),  a  threshold  unit  (21),  a  digital  oscillator  (23),  and  a 
loop  filter  (24).  The  first  comparator  (1  2),  loop  filter  (24), 
digital  oscillator  (23),  and  feedback  divider  (20)  of  the 

DPLL  (10)  operate  to  produce  a  controlled  oscillation. 
The  second  comparator  (14),  third  comparator  (16),  and 
adjuster  (18)  provide  a  divisor  to  the  feedback  divider 
(20)  that  allows  the  DPLL  (10)  to  operate  with  a  variety 
of  unknown  system  clock  (22)  frequencies. 
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Description 

Technical  Field  of  the  Invention 

This  invention  relates  generally  to  signal  processing 
systems  and  more  particularly  to  the  control  of  digital 
phase  locked  loops  employed  within  the  signal  process- 
ing  systems. 

Background  of  the  Invention 

Digital  phase  lock  loops  (DPLLs)  are  commonly 
used  to  create  oscillatory  signals  in  phase  with  but  at  a 
frequency  multiple  of  a  reference  oscillation.  Analog  to 
digital  (A/D)  converters  use  DPLLs  to  generate  high  fre- 
quency  oscillations  used  in  over-sampling  in  a  sigma- 
delta  conversion  process.  Data  converters  that  sample 
serial  digital  data  and  convert  the  data  to  an  analog  for- 
mat  also  require  a  high  frequency  sampling  oscillation 
to  synchronize  its  sampling  to  the  rate  of  the  incoming 
digital  data. 

One  particular  application  using  a  DPLL  is  a  digital 
phone  system.  In  the  digital  phone  system,  radio  fre- 
quency  transmissions  containing  digital  data  are  trans- 
mitted  between  a  base  unit  and  a  portable  unit.  The 
digital  data  coupled  to  the  analog  signal  typically  com- 
prises  digital  data  organized  in  a  serial  format  as  a  data 
frame.  Data  frames  are  transmitted  on  a  periodical 
basis  from  the  base  unit  to  the  portable  unit  such  that 
the  portable  unit  may  create  a  reference  oscillation 
based  upon  the  data  frames  and  will  be  able  to  receive 
data  consistently.  Based  upon  the  data  frames,  a  DPLL 
in  the  portable  unit  creates  a  sampling  signal  based 
upon  the  reference  oscillation  but  at  a  much  higher  fre- 
quency.  A  communication  processor  within  the  portable 
unit  uses  the  sampling  signal  to  convert  data  between 
the  digital  format  and  an  analog  format.  Typically,  the 
digital  data  contains  voice  data,  and  the  communication 
processor  converts  the  data  between  an  analog  format 
that  is  conveyed  to  and  received  from  a  user  and  the 
digital  format  that  is  received  from  and  conveyed  to  the 
base  unit. 

DPLLs  typically  comprise  a  phase  detector,  a  loop 
filter,  a  digital  oscillator,  and  a  feedback  divider.  In  oper- 
ation,  the  digital  oscillator  constructs  a  first  oscillation 
from  a  fixed  frequency  clock.  Typically,  the  fixed  fre- 
quency  clock  is  somewhere  in  the  10  megahertz  range 
and  the  first  oscillation  is  in  the  one  megahertz  range 
although  these  frequencies  change  from  installation  to 
installation.  The  first  oscillation  inputs  to  the  divider 
which  creates  both  a  feedback  oscillation  and  a  sam- 
pling  signal  that  is  use  by  the  communication  processor 
in  the  sampling  process.  The  phase  detector  and  loop 
filter  operate  to  force  the  feedback  oscillation  into  phase 
with  the  reference  oscillation.  In  this  fashion,  the  first 
oscillation  and  sampling  signal  are  also  in  phase  with 
the  reference  oscillation. 

Traditionally,  specifications  for  the  DPLL  required 
that  the  fixed  frequency  clock  be  a  certain  frequency 

and  have  a  certain  tolerance  in  order  to  create  the  cor- 
rect  feedback  signal  and  sampling  signal.  Thus,  the 
selection  of  a  particular  fixed  frequency  clock  has  been 
important.  Clocks  having  differing  frequencies  are  com- 

5  monly  used  today  and  could  otherwise  be  available  to 
serve  as  the  fixed  frequency  clock.  Unfortunately, 
because  DPLLs  have  heretofore  been  designed  to 
operate  with  a  specific  fixed  frequency  clock  to  produce 
the  feedback  oscillation,  the  limitation  has  been  a  draw- 

10  back. 
Thus,  there  exists  a  need  in  the  art  for  an  apparatus 

and  method  for  allowing  a  DPLL  to  function  properly 
with  a  variety  of  fixed  frequency  clock  frequencies  such 
that  a  single  DPLL  design  could  be  used  in  a  variety  of 

15  installations. 

Brief  Description  of  the  Drawings 

FIG.  1  illustrates  a  block  diagram  of  a  digital  phase 
20  lock  loop  and  divisor  determiner  in  accordance  with 

the  present  invention; 

FIG.  2  illustrates  oscillatory,  error,  threshold,  and 
adjust  signals  of  the  digital  phase  lock  loop  and  divi- 

25  sor  determiner  in  accordance  with  the  present 
invention; 

FIG.  3  illustrates  divisor  selection  logic  in  accord- 
ance  with  the  present  invention; 

30 
FIG.  4  illustrates  a  logic  diagram  of  a  first  method  in 
accordance  with  the  present  invention  for  determin- 
ing  a  divisor  of  a  digital  phase  lock  loop;  and 

35  FIG.  5  illustrates  a  logic  diagram  of  a  second 
method  in  accordance  with  the  present  invention  for 
determining  a  divisor  of  a  digital  phase  lock  loop. 

Description  of  Preferred  Embodiments 
40 

Generally,  the  present  invention  provides  an  appa- 
ratus  and  method  for  determining  a  feedback  divider 
ratio  in  a  Digital  Phase  Lock  Loop  ("DPLL").  This  is 
accomplished  by  continually  monitoring  the  operation  of 

45  a  DPLL  to  determine  whether  drift  in  the  feedback  signal 
is  caused  by  an  improper  feedback  divider  ratio  or  sim- 
ply  by  drift  of  one  or  more  of  the  fixed  frequency  signals 
associated  with  the  DPLL.  Having  detected  such  a  drift, 
the  DPLL  adjusts  a  feedback  divisor  accordingly, 

so  thereby  bringing  the  resulting  oscillation  within  a  given 
tolerance.  Thus,  the  present  invention  allows  a  single 
DPLL  to  be  used  with  a  variety  of  fixed  frequency  clocks 
and  to  correct  for  frequency  drifts. 

FIG.  1  illustrates  a  DPLL  10  that  includes  a  first 
55  comparator,  or  phase  detector,  12,  a  second  compara- 

tor  14,  a  third  comparator  16,  an  adjuster  18,  a  feedback 
divider  20,  a  threshold  unit  21  ,  a  digital  oscillator  23,  and 
a  loop  filter  24.  The  operation  of  the  DPLL  1  0  aside  from 
those  portions  incorporating  the  teachings  of  the 
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present  invention  is  substantially  identical  to  prior 
DPLLs.  Thus,  those  skilled  in  the  art  understand  the 
operation  of  those  components  and  a  detailed  descrip- 
tion  of  their  operation  is  not  produced  herein. 

The  first  comparator  12  compares  the  relative 
phase  between  a  reference  oscillation  26  and  a  feed- 
back  oscillation  28  and  produces  an  output  signal  based 
upon  such  comparison.  When  the  feedback  oscillation 
28  leads  the  reference  oscillation  26  in  phase,  the  first 
comparator  12  produces  an  early  error  signal  30  upon 
receipt  of  the  reference  oscillation  26.  However,  when 
the  reference  oscillation  26  leads  the  feed  back  oscilla- 
tion  28  in  phase  the  first  comparator  12  produces  a  late 
error  signal  32  upon  receipt  of  the  reference  oscillation 
26.  Either  an  early  error  signal  30  or  late  error  signal  32 
therefore  is  produced  on  every  cycle  of  the  reference 
oscillation  26. 

The  loop  filter  24  receives  the  early  error  signal  30 
and  the  late  error  signal  32  and  accumulates  the  signals 
in  a  count  up  and  a  count  down  manner  to  determine 
whether  to  adjust  the  phase  of  the  first  oscillation  pro- 
duced  by  the  DPLL  10.  When  the  loop  filter  24  deter- 
mines  that  the  feed  back  oscillation  28  is  leading  the 
reference  oscillation  26  in  phase  so  as  to  exceed  a  pre- 
determined  limit,  the  loop  filter  24  produces  a  retard  58 
to  the  digital  oscillator  23.  When  the  loop  filter  24  deter- 
mines  that  the  feedback  oscillation  is  lagging  the  refer- 
ence  oscillation  26  in  phase  so  as  to  exceed  a 
predetermined  limit,  the  loop  filter  24  issues  an  advance 
60  to  the  digital  oscillator.  Typically,  the  early  error  signal 
30  serves  as  a  count  up  input  to  a  counter  (not  shown) 
while  the  late  error  signal  32  serves  as  a  count  down 
input  to  the  counter.  When  the  counter  reaches  a  posi- 
tive  count  limit,  the  loop  filter  24  issues  a  retard  58.  Con- 
versely,  when  the  counter  reaches  a  negative  count 
limit,  the  loop  filter  24  issues  an  advance  60. 

The  digital  oscillator  23  constructs  the  first  oscilla- 
tion  25  based  upon  an  unknown  system  clock  22.  The 
unknown  system  clock  22  may  be  of  any  of  a  plurality  of 
frequencies  generally  available.  The  digital  oscillator  23 
preferably  comprises  a  counter  (not  shown)  and  a 
decoder  (not  shown).  During  a  normal  cycle,  the  coun- 
ter  counts  up  to  a  certain  number,  issues  a  first  oscilla- 
tion  25  cycle,  and  is  reset  by  the  decode.  In  a  typical 
installation,  for  example,  the  digital  oscillator  23  issues  a 
rising  edge  of  the  first  oscillation  25  pulse  every  10 
cycles  of  the  unknown  system  clock  22.  However,  when 
the  digital  oscillator  23  receives  a  retard  58,  it  counts  to 
11  cycles  of  the  unknown  system  clock  22  before  it 
issues  a  rising  edge  of  the  first  oscillation  25.  Alterna- 
tively,  when  the  digital  oscillator  23  receives  an  advance 
60,  it  counts  up  only  9  cycles  of  the  unknown  system 
clock  22  cycles  before  issuing  a  rising  edge  of  the  first 
oscillation  25.  Thus,  in  addition  to  consistently  con- 
structing  the  first  oscillation  25,  the  digital  oscillator  23 
selectively  advances  or  retards  the  phase  of  the  first 
oscillation  25  depending  upon  the  retard  58  and 
advance  60  signals. 

The  feedback  divider  20  divides  the  first  oscillation 
25  to  produce  the  feedback  oscillation  28.  Preferably, 
the  feedback  divider  comprises  a  counter  52  and  a 
decoder  54.  In  operation,  the  counter  52  counts  up  to  a 

5  divisor  value,  at  which  point  the  decoder  54  resets  the 
counter  52  and  outputs  a  rising  edge  of  the  feedback 
oscillation  28.  The  divisor  value  is  provided  to  the 
decoder  54  by  the  adjuster  18  and  may  be  adjusted  by 
the  adjuster  18  as  required.  The  feedback  divider  20 

10  also  includes  an  OR  gate  which  allows  the  adjuster  18 
to  continually  reset  the  counter  52  during  a  reset  cycle 
of  the  DPLL  10.  When  continually  reset,  the  counter  52 
does  not  count  up  and  thus,  the  feedback  divider  20 
does  not  produce  the  feedback  oscillation  28. 

15  The  second  comparator  14,  third  comparator  16, 
and  adjuster  1  8  serve  to  adjust  the  divisor  used  by  the 
feedback  divider  20  so  as  to  force  the  frequency  of  the 
feedback  oscillation  28  to  match  the  frequency  of  the 
reference  oscillation  26.  In  this  fashion,  the  components 

20  compensate  for  differing  operating  frequencies  of  the 
unknown  system  clock  22  and  allow  the  DPLL  of  the 
present  invention  to  be  provided  with  unknown  system 
clocks  22  having  any  of  a  variety  of  operating  frequen- 
cies. 

25  The  second  comparator  1  4  preferably  compares  an 
error  signal  34  to  a  coarse  threshold  36  and  produces  a 
coarse  adjust  indicator  40  when  the  error  signal  34  com- 
pares  unfavorably  to  the  coarse  threshold  36.  Prefera- 
bly,  the  error  signal  34  comprises  both  the  early  error 

30  signal  30  and  late  error  signal  32.  These  signals  are 
preferably  in  phase  with  the  reference  oscillation  26  and 
produced  on  each  cycle  of  the  reference  oscillation  26. 
In  the  present  embodiment,  an  error  signal  34  com- 
pares  unfavorably  to  the  coarse  threshold  36  when  the 

35  error  signal  34  exceeds  the  coarse  threshold  36. 
The  third  comparator  1  6  compares  an  error  signal 

34  with  a  fine  threshold  38  and  produces  a  fine  adjust 
indicator  42  when  the  error  signal  34  compares  unfavo- 
rably  with  the  fine  threshold  38.  Preferably,  the  error  sig- 

40  nal  34  compares  unfavorably  with  the  fine  threshold  38 
when  the  error  signal  34  exceeds  the  fine  threshold  38. 
The  error  signal  34  preferably  comprises  both  the  early 
error  signal  30  and  the  late  error  signal  32  produced  by 
the  first  comparator  1  2  so  that  a  comparison  is  made  on 

45  every  cycle  of  the  reference  oscillation  26. 
The  threshold  unit  21  constructs  both  the  coarse 

threshold  36  and  the  fine  threshold  38.  Preferably,  the 
threshold  unit  21  uses  the  output  of  the  counter  52  in  the 
feedback  divider  20  to  produce  the  coarse  and  fine 

so  thresholds.  In  essence,  the  thresholds  36  and  38  are 
square  wave  pulses  that  have  a  fixed  duration  and  are 
synchronized  to  the  output  of  the  counter  52.  The  edges 
of  the  thresholds  are  compared  to  the  edges  of  the  error 
signal  34.  When  an  edge  of  the  error  signal  34  is 

55  beyond  an  edge  of  the  threshold,  the  comparison  is 
unfavorable  and  an  adjustment  indicator  40  or  42  is  gen- 
erated.  Preferably,  both  the  coarse  adjust  indicator  40 
and  fine  adjust  indicator  42  comprise  two  bits  of  data  so 
that  relative  phase  position  and  difference  between  the 

3 
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reference  oscillation  26  and  feedback  oscillation  28  may 
be  conveyed  to  the  adjuster  1  8.  A  more  detailed  discus- 
sion  of  the  thresholds  will  be  presented  below  with  ref- 
erence  to  FIG.  2. 

The  adjuster  1  8  receives  the  coarse  adjust  indicator  s 
40,  the  fine  adjust  indicator  42,  the  early  error  signal  30, 
and  the  late  error  signal  32  as  its  inputs.  Preferably,  the 
adjuster  18  comprises  an  adjust  generation  unit  44 
(AGU),  memory  46  containing  possible  divisors,  a  regis- 
ter  48  containing  a  current  divisor,  and  a  lock  indicator  w 
50.  The  adjuster  18  operates  to  select  a  proper  divisor 
from  a  plurality  of  divisors,  to  furnish  the  divisor  to  the 
feedback  divider  so  that  the  frequency  of  the  feedback 
oscillation  28  matches  the  frequency  of  the  reference 
oscillation  26.  In  this  fashion,  the  DPLL  10  of  the  w 
present  invention  may  operate  with  any  of  a  variety  of 
unknown  system  clocks  22. 

In  operation,  the  adjuster  18  initially  selects  a  first 
coarse  threshold  from  a  variety  of  coarse  thresholds 
and  initiates  the  operation  of  the  DPLL  10  so  that  the  20 
feedback  oscillation  28  is  produced.  At  startup,  the  loop 
filter  24,  digital  oscillator  23,  and  feedback  divider  20  are 
preferably  all  reset  so  that  the  DPLL  10  starts  its  opera- 
tion  from  a  reference  point.  Initially,  then,  the  feedback 
oscillation  28  is  produced  based  upon  the  first  coarse  25 
divisor  provided  by  the  adjuster  18  to  the  feedback 
divider  20. 

Upon  each  cycle  of  the  reference  oscillation  26,  an 
error  signal  34  is  compared  to  both  the  coarse  threshold 
36  and  the  fine  threshold  38.  If  the  error  signal  34  com-  30 
pares  unfavorably  to  the  coarse  threshold  36,  the  sec- 
ond  comparator  14  produces  a  coarse  adjust  indicator 
40.  If  the  error  signal  34  compares  unfavorably  to  the 
fine  threshold  38,  the  third  comparator  1  4  produces  a 
fine  adjust  indicator  42.  Preferably,  the  error  signal  34  35 
compares  unfavorably  to  a  threshold  signal  when  it 
exceeds  the  threshold  signal. 

When  the  coarse  adjust  indicator  40  is  produced, 
the  fine  adjust  indicator  42  may  also  be  produced  but  is 
ignored  by  the  adjuster  1  8.  In  such  a  case,  the  AGU  44  40 
determines  that  the  current  divisor  is  incorrect,  and, 
based  upon  the  coarse  adjust  signal  40,  adjusts  the 
coarse  divisor  by  preferably  selecting  a  new  coarse  divi- 
sor  from  memory  46  and  placing  the  new  coarse  divisor 
in  the  register  48  to  become  the  current  divisor.  45 
Because  the  coarse  adjust  indicator  40  provides  infor- 
mation  on  relative  phase,  the  AGU  44  determines 
whether  to  select  a  larger  or  smaller  divisor.  After  a 
coarse  adjust  indicator  40  has  been  produced,  lock  indi- 
cator  50  locks  out  OR  gate  56  to  place  the  DPLL  1  0  in  a  so 
reset  state  until  the  next  receipt  of  a  reference  oscilla- 
tion  26.  In  the  reset  state,  the  counter  52  is  continually 
reset  to  prevent  the  feedback  oscillation  28  from  being 
produced.  However,  on  the  next  receipt  of  a  reference 
oscillation  26  the  DPLL  10  is  activated  using  the  new  ss 
coarse  divisor  48. 

When  a  coarse  adjust  indicator  40  is  not  produced, 
but  a  fine  adjust  indicator  42  is  produced,  the  AGU  44 
adjusts  the  divisor  by  preferably  selecting  a  new  fine 

divisor  and  places  it  into  the  register  48.  However,  when 
the  fine  adjust  indicator  42  is  produced,  the  counter  52 
continues  to  operate  and  is  not  reset  by  the  lock  indica- 
tor  50.  Thus,  the  DPLL  10  is  allowed  to  produce  the 
feedback  oscillation  28  continually. 

When  neither  the  coarse  adjust  indicator  40  or  the 
fine  adjust  indicator  42  is  produced,  the  divisor  stored  in 
the  register  48  remains  unchanged  and  the  operation  of 
the  DPLL  10  continues.  Thus,  the  present  invention  dis- 
closes  a  DPLL  1  0  that  may  be  used  with  any  of  a  variety 
of  unknown  system  clock  22  frequencies.  The  DPLL  10 
determines  a  correct  divisor  upon  startup,  corrects  for 
frequency  drifts,  and  is  able  to  operate  in  noisy  condi- 
tions. 

FIG.  2  illustrates  the  relationship  between  the  oscil- 
lations,  the  error  signals,  and  the  thresholds.  Feedback 
oscillation  100  is  produced  by  the  DPLL  10  as  was  pre- 
viously  discussed  and,  ideally,  is  phase  locked  and  fre- 
quency  locked  with  the  reference  oscillation  102  which 
is  produced  external  to  the  DPLL  10.  As  is  shown,  error 
signal  1  04  preferably  comprises  both  the  early  error  sig- 
nal  30  and  the  late  error  signal  32  and  is  produced  on 
every  cycle  of  the  reference  oscillation  1  02  and  in  phase 
with  the  reference  oscillation  102.  The  coarse  threshold 
106,  fine  threshold  108,  and  no  adjustment  threshold 
1  10  signals  are  produced  by  the  threshold  unit  21  and 
provide  a  basis  to  the  adjuster  18  in  order  to  determine 
whether  to  adjust  the  divisor.  When  an  error  signal  104 
is  received  from  the  coarse  threshold  106  that  com- 
pares  unfavorably  to  the  coarse  threshold  36,  a  coarse 
divisor  adjustment  is  performed.  Preferably,  an  error  sig- 
nal  104  compares  unfavorably  when  it  exceeds  the 
coarse  threshold  ~  when  the  coarse  threshold  signal  is 
logic  high.  Further,  preferably,  an  adjustment  of  the 
coarse  threshold  is  accomplished  by  selecting  a  new 
coarse  divisor.  Such  is  the  sequence  of  events  in  the  left 
most  portion  of  FIG.  2.  Thus,  coarse  adjust  signal  1  12  is 
produced,  the  adjuster  18  receives  the  signal,  and 
selects  a  new  coarse  divisor.  When  an  early  error  signal 
30  serves  as  the  error  signal  1  04,  a  next  larger  coarse 
divisor  is  preferably  selected  while,  when  a  late  error 
signal  32  serves  as  the  error  signal  104,  a  next  smaller 
coarse  divisor  is  preferably  selected. 

Referring  to  the  central  portion  of  FIG.  2,  when  an 
error  signal  104  and  the  fine  threshold  108  are  logic 
high,  a  fine  adjust  signal  1  14  is  produced.  The  adjuster 
1  8  receives  the  fine  adjust  signal  1  1  4  and  selects  a  new 
fine  divisor  accordingly.  When  an  early  error  signal  30 
serves  as  the  error  signal  104,  a  next  larger  fine  divisor 
is  preferably  selected  while  when  a  late  error  signal  32 
serves  as  the  error  signal  104,  a  next  smaller  fine  divi- 
sor  is  preferably  selected. 

Referring  now  to  the  right  most  portion  of  FIG.  2, 
when  the  error  signal  104  is  produced  during  an  active 
high  portion  of  a  no  adjust  threshold  signal  110,  neither 
the  coarse  adjust  signal  1  1  2  or  the  fine  adjust  signal  1  1  4 
is  produced.  Therefore,  the  divisor  that  was  previously 
used  is  retained  through  at  least  the  next  cycle  of  the 
feedback  oscillation  100. 
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FIG.  3  illustrates  a  preferred  organization  of  divi- 
sors,  listed  as  divisor  1  through  divisor  44,  in  memory 
46  and  a  preferred  technique  of  accessing  the  divisors 
used  by  the  DPLL  10.  As  is  shown,  the  divisors  prefera- 
bly  reside  within  divisor  groups  in  a  sequential  manner  5 
based  upon  divisor  value.  For  example,  a  first  divisor 
group  120  may  include  5  divisors,  a  second  divisor 
group  122  may  include  4  divisors,  and  a  third  group  124 
may  include  4  divisors.  One  particular  divisor  within  a 
divisor  group  is  preferably  designated  as  a  coarse  divi-  w 
sor.  For  example,  Divisor  1  in  divisor  group  120  and 
Divisor  20  in  divisor  group  122  are  designated  coarse 
divisors. 

In  a  particular  example,  at  start  up,  a  first  coarse 
divisor  126  (Divisor  1)  is  selected  from  the  first  divisor  is 
group  120  and  the  DPLL  10  operates  accordingly.  When 
the  AGU  44  receives  a  coarse  adjust  indicator  40,  it 
selects  a  new  coarse  divisor  128  from  a  different  divisor 
group  122.  Alternatively,  when  the  AGU  44  receives  a 
fine  adjust  indicator  42  it  selects  a  new  fine  divisor  1  30  20 
from  the  same  divisor  group  1  20  as  the  coarse  divisor 
1  26,  preferably  one  divisor  position  away.  On  a  subse- 
quent  cycle,  if  another  fine  adjust  indicator  42  were 
received,  a  new  fine  divisor  in  the  same  divisor  group 
1  20  would  be  selected.  25 

FIG.  4  illustrates  a  first  preferred  method  of  the 
present  invention.  The  first  step  in  the  present  invention 
at  block  150  includes  selecting  a  coarse  divisor.  From 
block  150  the  method  proceeds  to  block  152  where, 
upon  a  triggering  event,  an  error  signal  is  produced  by  30 
comparing  a  reference  oscillation  26  with  a  feedback 
oscillation  28.  A  triggering  event  may  be  start-up, 
change  in  the  reference  oscillation,  a  power  interrupt 
and/or  a  toggling  of  the  unknown  system  clock.  Then,  at 
block  154  the  error  signal  is  compared  with  a  coarse  35 
threshold.  At  decision  block  156  it  is  determined  if  the 
comparison  of  block  1  54  is  favorable.  If  the  comparison 
is  not  favorable,  the  method  proceeds  to  block  158 
wherein  a  coarse  divisor  adjustment  is  provided  to  a 
feedback  divider.  From  block  1  58,  the  method  proceeds  40 
to  block  152  where  another  error  signal  is  produced.  If, 
at  decision  block  1  56,  the  comparison  is  favorable,  the 
method  proceeds  to  block  1  60  where  the  error  signal  is 
compared  to  a  fine  threshold.  Next,  at  block  162,  it  is 
determined  whether  the  comparison  between  the  error  45 
signal  and  the  fine  threshold  are  favorable.  If  the  com- 
parison  is  not  favorable,  the  method  proceed  to  block 
164  wherein  a  fine  divisor  adjustment  is  provided  to  the 
feedback  divider  20.  From  block  164,  the  method 
returns  to  block  152.  If,  at  block  162,  the  comparison  so 
was  favorable,  the  method  returns  to  block  1  52  where 
another  error  signal  is  produced.  The  method  of  the 
present  invention  allows  as  single  DPLL  10  to  be  used 
with  a  variety  of  differing  unknown  system  clocks  22.  In 
this  manner  the  DPLL  10  is  much  more  flexible  in  its  ss 
operation  than  those  previously  known  in  the  art. 

FIG.  5  illustrates  an  alternative  preferred  method  of 
the  present  invention.  The  first  step  of  the  alternative 
method  of  the  present  invention  at  block  1  70  includes 

selecting  a  coarse  divisor  from  the  first  divisor  group.  As 
a  next  step  at  block  172  an  error  signal  is  produced 
upon  a  triggering  event  by  comparing  a  reference  oscil- 
lation  26  with  the  feedback  oscillation  28.  Next,  at  block 
1  74,  the  error  signal  is  compared  to  a  coarse  threshold. 
At  decision  176,  it  is  determined  whether  the  compari- 
son  is  favorable.  If  the  comparison  is  not  favorable,  the 
method  returns  to  block  1  78  wherein  a  new  coarse  divi- 
sor  is  selected  from  a  new  divisor  group.  From  block  1  78 
control  returns  to  block  1  72.  If,  at  block  1  76  the  compar- 
ison  is  favorable,  the  method  proceeds  to  block  180.  At 
block  180,  the  error  signal  is  compared  to  a  fine  thresh- 
old.  Next,  at  decision  block  182,  it  is  determined 
whether  or  not  the  comparison  is  favorable.  If  the  com- 
parison  was  not  favorable,  the  method  proceeds  to 
block  184  where  a  new  divisor  is  selected,  the  new  divi- 
sor  being  from  a  same  divisor  group  as  the  previous 
divisor.  From  block  184,  the  method  returns  to  block 
172.  If,  at  block  182  the  comparison  is  favorable,  the 
method  also  returns  to  block  172.  Preferably,  the  com- 
parison  performed  at  block  176  and  block  182  com- 
pares  the  error  signal  to  the  thresholds  and  determines 
that  the  comparison  is  favorable  only  if  the  error  signal 
does  not  exceed  the  specific  threshold  being  compared. 

The  above  described  preferred  embodiments  are 
intended  to  illustrate  the  principles  of  the  invention,  but 
not  to  limit  the  scope  of  the  invention.  Various  other 
embodiments  and  modifications  to  these  preferred 
embodiments  may  be  made  by  those  skilled  in  the  art 
without  departing  from  the  scope  of  the  following  claims. 

Claims 

1  .  A  method  for  determining  a  feedback  divider  ratio  in 
a  phase  lock  loop  (1  0)  from  an  unknown  reference 
clock,  the  method  comprising  the  steps  of: 

(a)  upon  a  triggering  event,  comparing  a  refer- 
ence  oscillation  (26)  with  a  feedback  oscillation 
(28)  to  produce  an  error  signal  (34); 
(b)  comparing  the  error  signal  (34)  with  a 
coarse  threshold  (36);  and 
(c)  when  the  error  signal  (34)  compares  unfa- 
vorably  to  the  coarse  threshold  (36),  providing 
a  coarse  divisor  adjustment  to  a  feedback 
divider  (20). 

2.  The  method  of  claim  1  further  comprising  the  steps 
of: 

(d)  when  the  error  signal  (34)  compares  favora- 
bly  to  the  coarse  threshold  (36),  comparing  the 
error  signal  (34)  with  a  fine  threshold  (38);  and 
(e)  when  the  error  signal  (34)  compares  unfa- 
vorably  to  the  fine  threshold  (38),  providing  a 
fine  divisor  adjustment  to  the  feedback  divider 
(20). 
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3.  The  method  of  claim  1  further  comprising  the  steps 
of: 

(d)  receiving  a  subsequent  feedback  oscillation 
(28),  wherein  the  subsequent  feedback  oscilla-  s 
tion  (28)  is  based  on  the  unknown  reference 
clock  and  the  coarse  divisor  adjustment; 
(e)  comparing  the  subsequent  feedback  oscil- 
lation  (28)  with  the  reference  oscillation  to  pro- 
duce  a  second  error  signal  (34);  10 
(f)  comparing  the  second  error  signal  (34)  with 
the  coarse  threshold  (36);  and 
(g)  when  the  second  error  signal  (34)  com- 
pares  unfavorably  to  the  coarse  threshold  (36), 
providing  a  second  coarse  divisor  adjustment  15 
to  a  feedback  divider  (20). 

4.  A  method  for  determining  a  divisor  for  a  feedback 
divider  (20)  of  a  phase  lock  loop  (10)  from  an 
unknown  reference  clock,  the  method  comprising  20 
the  steps  of: 

(a)  upon  a  triggering  event,  comparing  a  refer- 
ence  oscillation  (26)  with  a  feedback  oscillation 
(28)  to  produce  an  error  signal  (34),  wherein  25 
the  feedback  oscillation  (28)  is  produced  using 
a  first  divisor; 
(b)  comparing  the  error  signal  with  a  coarse 
threshold  (36);  and 
(c)  when  the  error  signal  (34)  compares  unfa-  30 
vorably  with  the  coarse  threshold  (36),  select- 
ing  a  second  divisor,  wherein  the  second 
divisor  is  in  a  different  divisor  group  than  the 
first  divisor. 

35 
5.  An  apparatus  for  determining  a  feedback  divider 

ratio  in  a  phase  lock  loop  (1  0)  from  an  unknown  ref- 
erence  clock  comprising: 

a  first  comparator  (12),  wherein,  upon  a  trigger-  40 
ing  event,  the  first  comparator  (1  2)  compares  a 
reference  oscillation  (26)  with  a  feedback  oscil- 
lation  (28)  to  produce  an  error  signal  (34); 

a  second  comparator  (1  4),  wherein  the  second  45 
comparator  (1  4)  compares  the  error  signal  (34) 
with  a  coarse  threshold;  (36)  and 

an  adjuster  (44),  wherein,  when  the  error  signal 
(34)  compares  unfavorably  to  the  coarse  so 
threshold  (36),  the  adjuster  (44)  provides  a 
coarse  divisor  adjustment  to  a  feedback  divider 
(20). 

6.  The  apparatus  of  claim  5  wherein  the  second  com-  55 
parator  (14)  further  comprises  a  first  input  that 
receives  the  error  signal  (34)  and  a  second  input 
that  receives  the  coarse  threshold  (36),  wherein  the 
error  signal  (34)  compares  unfavorably  to  the 

coarse  threshold  (36)  when  the  error  signal  (34) 
exceeds  the  coarse  threshold  (36). 

7.  An  apparatus  for  determining  a  feedback  divider 
ratio  in  a  phase  lock  loop  (10)  from  an  unknown  ref- 
erence  clock  comprising: 

a  first  comparator  (1  2),  wherein,  upon  a  trigger- 
ing  event,  the  first  comparator  (12)  compares  a 
reference  oscillation  (26)  with  a  feedback  oscil- 
lation  (18)  to  produce  an  error  signal,  (34) 
wherein  the  feedback  oscillation  (28)  is  pro- 
duced  using  a  first  divisor; 
a  second  comparator  (14),  wherein  the  second 
comparator  (14)  compares  the  error  signal  (34) 
with  a  coarse  threshold;  (36)  and 
an  adjuster  (44),  wherein,  when  the  error  signal 
(34)  compares  unfavorably  to  the  coarse 
threshold  (36),  the  adjuster  (44)  selects  a  sec- 
ond  divisor  that  is  in  a  different  divisor  group 
than  the  first  divisor. 

8.  The  apparatus  of  claim  7  further  comprising: 

a  third  comparator  (16),  wherein  the  third  com- 
parator  (1  6)  compares  the  error  signal  (34)  with 
a  fine  threshold  (38)  when  the  error  signal  (34) 
compares  favorably  to  the  coarse  threshold 
(36);  and 
wherein,  when  the  error  signal  (34)  compares 
unfavorably  to  the  fine  threshold  (38),  the 
adjuster  (44)  selects  a  first  fine  divisor,  divisor 
wherein  the  first  fine  divisor  is  in  a  same  divisor 
group  as  the  first  divisor. 

9.  The  apparatus  of  claim  7  further  comprises: 

a  subsequent  feedback  oscillation,  wherein  the 
subsequent  feedback  oscillation  is  based  on 
the  unknown  reference  clock  and  the  second 
divisor,  wherein  the  first  comparator  (1  2)  com- 
pares  the  subsequent  feedback  oscillation  with 
the  reference  oscillation  (26)  to  produce  a  sec- 
ond  error  signal; 
wherein  the  second  comparator  (1  4)  compares 
the  second  error  signal  with  the  coarse  thresh- 
old  (36);  and 
wherein,  when  the  second  error  signal  com- 
pares  unfavorably  to  the  coarse  threshold  (36), 
the  adjuster  (44)  provides  a  third  coarse  divisor 
to  a  feedback  divider  (20). 

10.  The  apparatus  of  claim  7  wherein  the  second  com- 
parator  (14)  further  comprises  a  first  input  that 
receives  the  error  signal  (34)  and  a  second  input 
that  receives  the  coarse  threshold  (36),  wherein  the 
error  signal  (34)  compares  unfavorably  to  the 
coarse  threshold  (36)  when  the  error  signal  (34) 
exceeds  the  coarse  threshold  (36). 
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